Vestibular function tests were performed on a series of 57 children between the ages of 1 and 16 years. Inattention and immaturity of eye movement control created difficulties in the analysis of the electronystagmography traces in some instances. With the eyes closed, spontaneous and positional nystagmus occurred in 20% of asymptomatic children and this was thought to be physiological. Changes in external ear pressure (fistula test) enhanced this spontaneous nystagmus. Smooth pursuit ataxia and optokinetic abnormalities were common in the children with reading disabilities and those with congenital deafness, and were thought to be soft neurological signs of brainstem dysfunction. The torsion swing chair test was acceptable and gave easily readable responses. Caloric abnormalities were very common in children with reading disabilities and provided useful information in those with congenital and acquired disorders of hearing and balance. It was concluded that normal data were required for children of all ages in order to improve our understanding of electronystagmography in children.
Introduction
For a variety of reasons deaf children are not usually subjected to neuro-otological tests in the same way as their adult counterparts (Snashall 1983) . Assessment of vestibular function in children is traditionally performed by the paediatrician using a well documented series of postural reflexes (MacKeith & Robson 1970 , Eviatar & Eviatar 1978 . These have been quantified in the vestibulospinal stability test (Black et al. 1978) . Vestibulo-ocular reflexes receive little attention, apart from the caloric test in the neonate (Eviatar & Eviatar 1979) and Farmer's (1964) rotation test in which the neonate is rotated around the perimeter of a circle, inducing widening of the eyes and deviation in the direction of rotation.
In recent years there has been a growing awareness of the vertigo syndromes of childhood (Alpers 1960 , Basser 1964 , Eviatar & Eviatar 1977 , Gates 1980 , Eviatar 1981 , Snashall 1983 and consequently a need has arisen for a better understanding of vestibular function in this age group. In the past, children were rarely referred to the neuro-otology clinic and vestibular function tests have evolved around the investigation of adults. Although adult data can be applied to children (Koenigsberger et al. 1970) , results are often difficult to interpret in spite of the child's ready cooperation (Cyr 1980) . This difficulty arises because most vestibular tests are based upon the measurement of visual motor skills which are not fully developed until the age of 14-18 years (Herman et al. 1982) . Of the various visualmotor parameters used in vestibular tests, optokinetic tracking is present in the neonate (Gorman et al. 1957) , smooth pursuit skills are not fully developed until the age of 16---18 years (Gilligan et al. 1981 , Herman et al. 1982 , and visual vestibular interaction improves with age (Herman et al. 1982) . It is not, therefore, feasible to apply the adult data to children for those parameters which are not fully mature in infancy.
This paper describes the results of applying our normal electronystagmography (ENG) and caloric test battery together with the torsion swing chair and fistula tests to a series of Children, the majority of whom were between the ages of 8 and 14 years.
Method

Subjects
There were 57 children (42 boys and 15 girls) between the ages of I and 16 years (mean 9.1). There were 10 normal children, 25 with reading difficulties, 13 with congenital deafness and 9 with acquired disorders of hearing or balance. None of the children in the first two groups had ever experienced vertigo or imbalance. Two from the congenital group were thought to be mildly ataxic, and 5 from the acquired group had presented with vertigo. Nine children had a strabismus affecting at least one eye, but this was not correlated with any abnormalities of recorded eye movements.
A number of practical problems were encountered which resulted from non-vestibular, non-visual factors such as the application of adult methodology, difficulty in maintaining the child's attention, their lack of experience in test procedures, and the neurological immaturity of eye movement control and gaze stability. In contrast to the assessment of vision in children, neural maturational effects present the greatest problem (Bradley & Freeman 1982) . In order to overcome these difficulties, the adult-orientated methodology was adjusted as follows.
Electrode placement
A large photograph of a child wearing the gold electrodes used was found to be of great help in persauding children to accept the procedure. The recording was for horizontal movements only, both eyes together, using an AC twin channel ENG machine (Life Tech A 2000). Having achieved good electrode contact, the child was seated on the couch and encouraged to maintain gaze on either the calibration lights or the pendulum.
Calibration saccades
In common with other studies, it was found that children under the age of 4 cannot maintain their gaze on a point source of light long enough for calibration procedures, and for these children illuminated toys or pictures are recommended (Cyr 1980) . In accordance with normal convention, a saccade to the right was represented by a vertical upward deflection and a saccade to the left by a vertical downward deflection. Calibration saccades of 30°were found to induce physiological end point nystagmus in several children. Despite encouragement, some children were unable to achieve calibration movements in one accurate saccade, and this may be due to inattention or to oculomotor apraxia due to immaturity of eye movement control (Zee et al. 1977) .
Pendulum tracking
Smooth pursuit tracking is usually achieved with a little practice to give a normal sinusoidal trace. Attention may wander away from the pendulum, but this is easily distinguished from ataxia in which small saccades are required in order to catch up with the moving target. It has been found that using a light source of variable intensity improves attention for pursuit movements in hyperactive children (Bala et al. 1981) .
Optokinetic test
The optokinetic stimulus was a small, hand-held drum with narrow stripes, and this caused problems of both attention and irregularity of optokinetic nystagmus. As narrow stripes in the central field of vision induce pursuit optokinetic nystagmus, it would have been much better if an involuntary optokinetic nystagmus to whole field stimulation had been induced (Gorman et al. 1957 , Schor & Narayan 1981 , as this is present from birth onwards and avoids the problems of contrast sensitivity and the lack of peripheral field stimulation.
Torsion swing chair test
Although the torsion swing chair has the disadvantage of testing both labyrinths simultaneously, it is more acceptable and therefore easier to perform than the caloric test. The child is seated with the neck flexed 30°and the chair rotated from side to side with a sinusoidal motion. A purpose-built chair was not available for this study and consequently calculations of directional preponderance could not be performed. Responses were recorded in the dark during rotation. In most cases a clear nystagmus was seen first in one directon and then the other. Children evidence a higher gain of the vestibulo-ocular reflex to sinusoidal rotation than adults and, in addition to this, immaturity of visual-vestibular interaction results in poorer suppression of rotation-induced nystagmus (Bala et al. 1981 , Herman et al. 1982 . These combine to make torsion swing chair responses in children larger than those in adults.
Fistula test
Nystagmus was recorded with the eyes closed whilst varying the pressure in the external ear from +400 to -400 mmH 2 0 using an impedance bridge. None of the children in this series was suspected of having a perilymph leak (Althaus 1982) , but nevertheless it was found that nystagmus was induced in many of the children by this test.
Spontaneous and positional nystagmus
, Despite these changes in methodology, the major problems related to immaturity of eye movement control remain (Herman et al. 1982) . Defective stability of gaze produces excessive miniature random eye movements of the drift variety (Carpenter 1977) in some children. These are particularly evident with the eyes closed and to a lesser extent with the eyes open in the dark. These random eye movements account for most of the difficulties experienced in interpreting the ENG traces of children and affect the recording of spontaneous and positional nystagmus as well as the vestibulo-ocular reflex. Spontaneous nystagmus was recorded with the eyes open, closed, and open in the dark; directed to the centre, 30°to the left and 30°to the right. Positional nystagmus was recorded with the eyes closed in the supine, right and left lateral positions.
Calories
Caloric irrigation in children is almost always possible for the full 30 seconds, and we have found that it is better to start with the 30°C irrigation as the hot caloric occasionally causes distress. In very young children it is sometimes difficult to ensure that the correct position is maintained throughout the recording, with deleterious effects upon the response. Immaturity of visual-vestibular interaction does not appear to affect the calories in the same way as rotation tests. Indeed, children appear to be better able to inhibit their caloric responses than adults, and it was found that the only way to record caloric nystagmus in most of the subjects was with the eyes open in the dark and with a mental-alerting task which was exactly appropriate to that child. There are no reports in the literature of the caloric visual fixation index of children, but Gates (1980) commented that anomalous results can Occur in children who have experienced vertigo if the measure used is the duration of nystagmus with fixation. The gain of the caloric vestibulo-ocular reflex is the same for adults and children if the measure used is the slope of the slow phase, and this is so from infancy (Eviatar & Eviatar 1979) . It is therefore acceptable to use the same calculations for directional preponderance and canal paresis in children as in adults.
We found that the difference between the caloric responses of adults and children was the frequency of the beat during the recording period. This was on average one per second for children and more than twice this for adults, as children show delay in the initiation of saccades due to immaturity of the pathways in the brainstem reticular formation (Eviatar & Eviatar 1979 , Honrubia et al. 1980 . The slow rate of nystagmus and the superimposed random eye movements combine to make caloric responses extremely difficult to measure in some instances.
Results
The results are given separately for each group in Table 1 . It was not always possible to complete recordings for spontaneous, positional, optokinetic and caloric nystagmus in the .Not all children in group tested .Bithermal caloric not completed very young children from the congenital and acquired groups. With the eyes closed, spontaneous and positional nystagmus were found in approximately 20% of all the groups, with the exception of those with acquired disorders, in which there was a high (57%) incidence of spontaneous nystagmus of peripheral type; and those with congenital deafness, 42% of whom showed positional nystagmus. The incidence of spontaneous and positional nystagmus with the eyes closed in the asymptomatic children is similar to that found in normal adults (Kumar 1982) and is probably physiological. Analysis of those children with nystagmus induced by the fistula test revealed that in all the normal children and 50% of the rest this was associated with spontaneous nystagmus and is therefore likely to be the same as the enhanced latent nystagmus sometimes seen during caloric irrigation in adults (Coles & Snashall 1973) . In no case was it accompanied by vertigo.
Smooth pursuit tracking was satisfactory in children from the normal and acquired groups, but there was 16% smooth pursuit ataxia in the reading disabled group and 23% in those with congenital deafness. Pursuit ataxia seen in the reading disabled group may represent neurological immaturity or inexperience, but it may also represent a soft neurological sign of previously undetected brain dysfunction. Similarly, some children with congenital deafness may have subclinical forms of brain damage.
Optokinetic abnormalities were found in 20% of children from the reading disabled, congenital deafness and acquired groups, but in view of the limitations of the drum used in this study it is not possible to tell whether this is an abnormality of pursuit or optokinetic nystagmus. There was, however, no correlation between optokinetic and smooth pursuit abnormalities in individual cases.
Torsion swing chair responses were detectable in almost all of the children, except for one with congenital deafness who also had absent caloric responses bilaterally, and 3 others in whom the torsion swing responses were inhibited but the caloric nystagmus was normal. Caloric abnormalities were found in 10% of the normal children, 40% of the reading disabled children, 25% of the congenital deafness cases and 22% of the acquired group. Although those with acquired and congenital disorders of hearing and balance might be expected to produce caloric abnormalities, this was not anticipated in the children with reading disabilities. As the measure used was the slow phase of vestibular nystagmus and it is known that this is mature early in infancy, these abnormalities cannot be regarded as neurological immaturity but must be taken as soft neurological signs.
Discussion
A number of conclusions may be drawn from these findings regarding the methodology, interpretation and clinical implications of vestibular tests in children, which are easy to perform so long as the staff involved have wide experience in ENG recording. The methodology needs to be adapted to allow for inattention and immaturity of eye movements, particularly in relation to the nature of the visual targets used and the recording of caloric nystagmus. The trace itself must be analysed with due regard to random eye movements, immature smooth pursuit and visual-vestibular interaction effects. Normal data for children of all ages are required. With these precautions, vestibular function tests can provide information which assists the clinician in the management of the child. Those children with reading difficulty associated with abnormalitiesof eye movement control, both vestibular and non-vestibular, can be detected so that remediation in the form of enlarged reading material or eye movement exercises can be instituted. For children with congenital hearing loss of unknown aetiology, any evidence of brain damage or vestibular dysfunction will be of help in genetic counselling. The most direct benefit of vestibular tests will remain the diagnosis of the vertigo syndromes, such as perilymph leak, benign paroxysmal vertigo and basilar artery migraine.
